
DECEMBER, 1919. MONTHLY WEATHER REVIEW. 
NOTE ON HIGH FREE-AIR WIND VELOClTlES OBSERVED DECEMBER 16 AND 17, 1919. 

By WILLIS RAY GREGG, Meteorologist. 

[Dated: Weather Bureau, Washington, Jan. 2'3,1920.] 
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On the morning of December 17,19 19, a remarkabl hi h 
wind was observed in the free ai: above Lansing,%ic%. 
This observation was macle'by thesingle theodolite method, 
altitudes being computed from the pilot balloon's rate 
of ascent by means of the formula V =  71 (b) , in 

3 ,208 

Which- 
V = velocity, 
Z = balloon's free lift, 

and L = balloon's total lift.' 
The balloon was kept in sight 31 minutes, at  the end of 

which time its computed altitude was 7,440 meters, its 
horizontal distance from the s!atioii, S7 kilometers, and 
its s eed, 74 m. p. s., or 166 nilles per hour. At the end 
of tRe preceding minute the computed wind velocity at 
an altitude of 7,200 meters was 83 m. p. s., or 1S6 miles 
per hour. So far as known, this is the highest wind 
speed ever observed at altitudes lower than 10 kilometers.2 ___ _. -- - . __ 

1 For develo m a t  and discusslon of this Iopilla see Sherry. B. J. and Waterman 
A. T. The ?&my Meteorological Service in the United States burinb. the War: 
MONTHLY WEATHER REVIEW April 1919 p. 21:. 
: C1a ton and Ferysson odserved'clrrds mo\'lng at 103 m. p. s. (230 m. p. h.) at an 

a l t i t d  of 114 kilometers. Annnl! of the Astronomical Clbseroatory of Harvnrd College. 
Vol YYX t 3 256. A velocity of83 m. 11. s. (1W m. p. h.) vu8 rrcorded on Mount 
Wnk%gt&%lf& MONTUY WEATUER REVIEW, January, 1875, p. 10 and American 
Weather, by A. W. Greely, p. 177. 
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The wind was unusually steady in direction, its variation 
from northwesterly between 5,500 and 6,500 meters 
altitude being at  no time eater than 5'. Above 6,500 
meters it backed to WN# and below 2,500 meters it 
was nearly NNFV. 

There is always some hesitation in accepting as reliable 
a record of this kind, when obtained with. only one 
theodolite, because a leaky or otherwise defective balloon 
would gradually assume a lower ascensional rate than 
that with which it started, wit,li the result that much 
higher velocities would be indicated than actually 
existed. In  this case, however, there is reason to believe 
that the record is substantially correct, for the following 
reasons: First, the afternoon run a t  the saple-station 
showed a similar, though somewhat less rapid, increase 
in wind velocity with altitude: second, records on the 
same day and on the previous day at other stations-in 
the northern part of the country give similarly high 
values in the lower 3 kilometers. Unfortunately,. none 
of these soundings reached as great an altitude as did the 
one a t  Lansing. In Table 1 are given the wind directions 
and velocities as observed at these stations, only those 
being included in which the balloon was followed to a 
height of a t  least 3 kilometers. 
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TABLE L-Free-air winds observed in the northern part of the Uided Stalcs on Dee. 16 and 17, 1919. 
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1 From kite flights. 
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The fi ures in this table show that, escept at  and near 
t.he eart E 's surface, a northwesterly to west.-northwesterly 
current prevailed throughout the northern part of the 
country east of the Rocky Mountains. At nearly all 
places the wind velocity rapidly increased with altitude, 
reaching at 7,200 meters above Lansing, as already 
stated, a d u e  of 83 m. p. s. 

An inspection of the weather maps for these two days 
shows t.hat t,here was but little surface barometric activ- 
ity: High pressure mas central over the southern States 
on both days; another high pressure area, central north 
of Minnesota on the Isth, moved southeastward to the 
Lake region by the evening of t.he 17th;. pressure was 
relatively low between these highs and, in addition, a 
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poorly developed LOW moved from the Upper Lake 
region eastward md then northeastward to the ri- 
cinity of Newfoundland. Figure 1 shows the pressure 

FIQ. l.-Sea-level isobars and surface-wind directions at 8 3. nl., 75th meridian time 
December 17,1919. 

distribution prevailing atl S a. in.. ’75th meridian time, 
Deceniber 17, 191 9 ;  ako, thc. result,ing surface wind direc- 
tions. These winds rangecl in speed froiii about 3 ni. p. s. 
in the southern States to ahout 8 or 10 in. p. s. in t.he 
northern and niiddle western St,ates. A s  indicat,ed in 
Table 1, t,he influence of the surface pressure distribution 
appears not to have est.ended to a heimht greater than 
1,000 meters above the surface, or less &an 1,500 meters 
above sea level. At al l  higher levels tlie t,rend of the 
isobars, if parallel or nearly parallel to t.he winds, was 
froni wes t-nort.liwest to easbsoutheas t. Further inspec- 
tion of the weat.her maps shows that there was a stron 
south-to-north teniperature gradient, 
weather prepailing north of tlie Lake region, and t at  t.he 
isotherms likewise ext.ended from west-northwest to 
emt-southeast, or parallel in general to the free-air 
isobars and wind directions. This is well shown in 
figure 3, in which the solid lines represent surface t.eni- 

erature condit,ioiis at  S a. in., Deceniber 17, 1919. 
$he effect of this horizontal temwrature gradient. was a 
constantly increasing horizont,d pressure gradient as 
greater altitudes were reached. That t l is  condition 
actually esisted is shown in the kite observations at 
Ellendale, N. Dak., and Lessburg, Ga. Xear the surface 
there was ractically no difference, but at  3,500 niet.ers 

Lewhrg. than at Ellendale. The line joining these 
stations is not at right angles to this presyire gradient, 
but if we estend the 2,500-inet.er isoba.rs 111 a direction 
parallel to that of the winds at  that level, as indicated by 
the broken lines, figure 3, we find that the ilist.ance be- 
tween those isobars was approsimately 900 kilometers, 
and, if w e  can still further assunie that these are straight 
isobars, we obtain a gradient wind velocity of about 23 
ni. . s., a value differing but 1it.tle from those iven in 
Tabfe 1 for the 2,500-meter level. At greater &dmles 
much higher velocities would be espected, not only be- 
cause of the &creasing pressure gradient, but also because 
of the diminishing air density. Kite records a t  Ellen- 
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above sea P . eve1 the ‘pressure was 1s nilllibars higher at  

dale, Drescl, and Leesburg show that at the 2,500- 
nieter level there still persist.ed a fairly strong ten1 era- 

t,hat. t.liis ii~crcased as liiglier lat,itudes were reached, 
north of blw Lake region, for esample. The result would 
be an inwe:ising pressure gradient with altitude, but 
even if t.liis grndient, hiid reinnined const.ant, i. e., the 
S A I ~  .as at 2,500 met,ers, the wind would nevertheless 
have ~nc~easecl, since in the equiition for gradient winds 
the density t,erni occiirs in blie denominat.or. 

This case and numerous ot,her similar cases bring out 
c1e:urlp the reldon bet.\vren the surf~ce horizontal 
teniperatture clistril)ut,ion, in its effect. on free-air pres- 
sure gradiant.s, niitl t.he minds in the middle and upper 
I:ort,ioiis of the bropospliere. Surfacc pressure s-yst.ems 
hare 1itt.le infiuence in this rcspect, escept in so far as 
they produce niodificnt.ions in the surface temperature 
dist,ribuDion. Naturdy,  t,hese pressure syst,enis exert a 
greater or less influence, in proport.ion ns they are we!l 
or poorly clevelopecl, and (luring the summer, when lati- 
tudind tcniperatnre gradients are weak, they occasioiidy 
control t,he free-air winds to great height.s. Thus, 
eastrrlg wiiids bo a height of 10 kilometers were observed 
in the sout,hern States during the approach of the West 
Indian hurricane of September, 1910. ljurin this period 

lachian region ani1 tlie interior of the east Gulf States,’’s 
and there was 1itt.la cliange in temperature from north 
t.o south. It lms heen shown also that. in the middle 
west,crn Stat,es cirrus niovenieiit from the east is prac- 
tically never observed escept in the suinnier half of the 

t,ure gradient from south to north, and it  is pro { able 

‘‘ pressure was rt~latirel.-y high over the sout 9 iern Appa- 

FIG 2.-Surlscn isotherms (solid lines) 2,500-meter isobars or instantsueous stream 
lines broken lines), and 2,5Wmeter hind directions (arrows) at 8 8. m., meridian 
time 6ecember 17,1919. 

year wlicn temperature gradienbs are weak and when 
modcrately high pressure IS central northeast of the re- 
gions where such niovenient is notetl.’ Escept under 
abnormal conditions of temperature distribution easterly 
winds in the higlier portions of the troposphere can not 
occur during the winter half of the year. 

a For full discussion see “The West India hurricane of September 1919 in the light 
of sounding observations.” By R. H. Weightman. MONTHLY ~ E A T H ~ R  REVIEW, 
October 1919. 717-720. 

4 MO&HLY # ~ I I Z I I  REVIEW Ortoher, 1919: The relationshi between cirrus 
movements from easterly points and the occurrence of severe droughts (%y George Reeder, 
pp. 711-715); Easterly movement of cirrus clouds (by L J. Guthrle, p p  716-717). 


